Summary. Short daylengths did not affect testes weight or spermatogenic index in male voles or uterine weight in female voles. Short daylengths did stimulate the growth of a winter pelage in both sexes; short-day voles had longer underhairs and guard hairs and a thicker, more dense pelage than did long-day voles. Plasma prolactin concentrations were five times higher in long-day than in short-day females and 25% higher in l ong\ x=req-\ day males than in short-day males. The effect of short daylength on pelage was prevented by pinealectomy. We suggest that the growth of a winter coat is an obligate adaptation for winter survival, stimulated by exposure to short daylengths, but that changes in breeding activity are facultative and dependent to a greater extent on other cues for seasonal synchronization.
Introduction
The prairie vole, Microtus ochrogaster, a small monogamous microtine rodent found throughout much of the midwestern United States, typically experiences long cold winters and hot summers. Adjustments that enhance winter survival include a reduction in body weight, a reduced metabolic rate and the development of a winter pelage (Cherry & Verner, 1975) .
Prairie voles are perhaps best described as facultative seasonal breeders (Negus & Berger, 1972) ; reproductive activity is reduced in the winter of some but not all years (Rose & Gaines, 1976; Getz et al, 1979) . Non-reproductive adaptations, however, may be of a more obligate nature. All voles could presumably benefit every winter from the increased insulation provided by a thicker pelage. If this reasoning is valid, then proximate cues for phasing reproductive and non-reproductive adap¬ tations should differ. In particular, daylength, the most reliable predicator of phase within the annual geophysical cycle, might be used to regulate non-reproductive but not reproductive seasonal adjustments. One aim of the present study was to test this prediction.
Short daylengths inhibited reproductive development in 75% of male prairie voles born in the laboratory to wild-caught individuals (Nelson, 1985a) . In subsequent studies of voles maintained in the laboratory for 4 and 5 generations, daylength did not affect testicular growth (unpublished observations). Among adult females, photoperiod influenced neither pregnancy nor lactation (Nelson, 1985b) . Rates of reproductive development have yet to be assessed in prepubertal female prairie voles raised in different photoperiod regimens.
In this study we examined reproductive and non-reproductive responses to daylength in young male and female prairie voles from a colony that had been maintained in the laboratory for 4 to 5 generations. Histology. Testes were stored in buffered formalin and then dehydrated, embedded in paraffin wax, sectioned at 5 µ and stained with haematoxylin and eosin. Testicular tissue was examined microscopically and rated for spermatogenesis according to the rating system described by Grocock & Clarke ( 1974) (Ellis & Desjardins, 1982) . AU plasma samples were measured in the same assay. The intra-assay coefficients of variation for pools of plasma obtained from intact or castrated males or intact female voles were 4-9%, 5-5% and 40%, respectively. Plasma from normal or castrated voles inhibited the assay between 20 and 85%. The minimum amount of prolactin detectable in unknown samples was 0-25 ng/10 µ plasma.
Inhibition curves observed with plasma obtained from normal or gonadectomized male and female voles were parallel to the inhibition curve obtained with the reference preparation of prolactin. Furthermore, the addition of increasing amounts of vole plasma in a fixed volume (10 µ ) of blood plasma taken from a normal male prairie vole produced a dose-dependent increment in immunoreactive prolactin. Taken (Richmond & Conaway, 1969) . To determine whether photoperiod influences the process of induction of oestrus, half of the females from each photoperiod condition were exposed to adult males at 45 days of age. Male-exposed females were housed with 1 fecund adult long-day male for 56 h; control females were left alone during this interval. All females were then weighed, examined for vaginal patency and tested with an unfamiliar stud male for 5 min for evidence of behavioural oestrus. Short-day controls 10 20-7 ± 2-7 5-9 ± 2-5
Short-day male-exposed and compared with data from the two long-day groups (Fig. 1) . Short daylengths increased fur depth (P < 0-001), under hair length (P < 0001), guard hair length (P < 0001) and fur density (P < 002). Prolactin. Prolactin concentrations were influenced by photoperiod (P < 001) but not by exposure to a male (Table 1 ). In addition, the interaction between photoperiod and male exposure was significant (P < 005). Prolactin concentrations were nearly 5-fold greater in long-day than short-day controls. Exposure to males did not influence prolactin values in short-day females and decreased concentrations in long-day females, but the latter trend was not statistically significant.
Body weight. Body weight was influenced by photoperiod (P < 0-005) but not by exposure to a male. Long-day females weighed substantially less than short day females (25-2 +1-3 vs 32-2 + 1 -6 g respectively).
Males Reproduction. Absolute testicular weight was not affected by photoperiod (P > 005; Table 1 ) but relative weight of testes was greater in long-day than short-day males (P < 0006). A significant correlation between testicular and body weights was evident within each treatment group (r = 0-74, < 0001 among short-day males, and r = 0-72, < 005 among long-day males). The spermato¬ genic index did not differ between the groups (4-24 + 016 and 418 + 011 for long-and short-day voles respectively) and mature spermatozoa were present in testes of all voles.
Pelage. Three of the 4 fur development measures were significantly influenced by photoperiod (Fig. 1 ) . Under hairs and guard hairs were longer (P < 0001 ) and fur was more dense (P < 003) in short-day than long-day voles. Fur depth was greater in short-day than long-day voles, but this difference was not significant (P < 007).
Prolactin. Prolactin concentrations were higher in long-day than short-day males (22-6 + 1-4 vs 16-3 + 2-3 ng/ml; < 005).
Body weight. Males kept in long days were significantly lighter than those kept in short days (24-7 ± 1-2 vs 29-7 + 1-4 g respectively; < 0-02). None of the measures of female reproduction monitored in this experiment was influenced by daylength. Exposure to males stimulated reproductive function in females reared in long and short daylengths. Uterine weight was nearly doubled in females exposed to males for 56 h compared to controls. Evidence of behavioural oestrus was obtained in 70% of short-day females and in 50% of long-day females exposed to males.
Daylength does not appear to influence the neuroendocrine pathway through which male pheromones induce oestrus. If photoperiod is to affect reproductive activity in female prairie voles, it must do so through some post-copulatory process essential for ovum implantation or maintenance of pregnancy. It also remains possible that ovulation rate is influenced by daylength.
Photoperiod exerted little or no effect on gonadal development of male prairie voles or on the maintenance of testicular function in adults. In Exp. 1, absolute testes weight was unaffected by daylength, but relative testes weight was greater in long-day than short-day males. The latter effect is attributable to reduced body weight of long-day males. Histological analysis confirmed that short daylengths did not inhibit testicular development. The spermatogenic index was unaffected by photoperiod and spermatozoa were present in the testes of all males in each photoperiod condition in both experiments.
The failure to observe an effect of daylength on testicular development contrasts with an earlier report (Nelson, 1984) . The voles studied by Nelson (1984) were offspring of wild-caught animals, while voles used in the present study were 4 and 5 generations removed from the wild stock. Even among offspring of wild-caught voles, however, 25% underwent rapid reproductive growth in spite of exposure to short daylengths (Nelson, 1985a (Clarke, 1977; Nelson, 1985b; Spears & Clarke, 1987) .
In contrast to its lack of effect on reproductive processes, photoperiod markedly affected every measure of pelage growth in female prairie voles. In short days, females developed a deeper, more dense and longer coat of fur than in long days. Among males, 3 of the 4 measures of pelage were substantially influenced by photoperiod in Exp. 1 and all 4 measures were increased by exposure to short days in Exp. 2. These results are consistent with findings from other microtine rodents (Al Khateeb & Johnson, 1971; Dark & Zucker, 1983) .
The effect of daylength on pelage may be mediated through changes in prolactin secretion. Plasma prolactin concentrations were substantially reduced in males and females maintained in short daylengths (Exp. 1). This effect was most pronounced in females; prolactin values were 5 times higher in control long-day than short-day females.
Evidence from several other mammals indicates that short daylengths stimulate the develop¬ ment of a winter pelage by inhibiting prolactin secretion (e.g. Siberian hamsters: Duncan & Goldman, 1983; mink: Martinet et al, 1984) . In these species, the development of a winter coat in short daylengths coincides with a decrease in circulating prolactin and is blocked by daily injections of prolactin. Stimulatory effects of short-days on fur growth also are prevented by prolactin injections in the meadow vole, M. pennsylvanicus (L. Smale, T. Lee & I. Zucker, unpublished observations).
The pineal gland appears to mediate photoperiodic effects on pelage growth in prairie voles. Pinealectomy eliminated the effect of photoperiod on pelage depth and under hair and guard hair length but only marginally influenced fur density. Pinealectomy had no effect on testes size or spermatogenesis. These findings are consistent with results from several mammalian species, including the closely related vole, M. agrestis (Versi et al, 1983) .
It is likely that in voles, as in other rodents (Goldman & Darrow, 1983) (Johnston & Zucker, 1980; Beasley et al, 1981) . It is more appropriate to consider indi¬ vidual traits as subject to photoperiodic regulation. This is not a trivial distinction since the mech¬ anisms for photoperiodic time measurement must be in place even if only a single characteristic responds to daylength.
Photoperiodic regulation of reproduction appears to be a highly labile phenomenon rapidly eliminated by random breeding in the laboratory or by increased food availability in the field (Cole & Batzli, 1979) . This lability may be important to voles because winter reproduction may be highly advantageous during winters when high quality food is available or the temperature is unseason¬ ably high. Seasonal reproduction in the field is variable in prairie voles (Keller & Krebs, 1970) . In contrast, a thicker coat of fur would presumably be advantageous every winter, regardless of local fluctuations in food supply or temperature (Smale, 1987) . Decreasing daylength is a reliable predictor of the onset of generally lower temperatures, and thus a useful cue for the timing of the development of a winter pelage.
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